ABSTrAcT. Apathy is intimately associated with dementia. Unfortunately, its pathophysiology remains poorly understood. The motivational impairment that characterizes this disorder might share the same inflammatory mechanisms, as suggested by the sickness behavior theory. Objective: The primary aim of this study was to investigate the association between apathy symptoms and serum levels of tumor necrosis factor alpha (TNF-α) and its soluble receptors. Brain-derived neurotrophic factor (BDNF) levels were also analyzed since these have been associated with depression, a condition which shares abulic features with apathy. Methods: The sample consisted of 27 subjects with mild Alzheimer's disease or amnestic mild cognitive impairment, who were submitted to specific apathy evaluation using the Apathy Scale (AS) and provided blood samples for biomarker analysis. Participants were categorized into two groups according to median AS scores (17 points). Results: Subjects with higher apathy symptoms (n=13) displayed higher levels of TNF-α soluble receptors (type 1: p=0.03; type 2: p=0.04). No other difference was found between groups. Conclusion: These findings point to the involvement of inflammatory mediators in the genesis of apathy symptoms, as suggested by the sickness behavior theory.
degenerative conditions. 2 Generally speaking, apathy has been shown to be the most prevalent behavioral disorder in dementia. 3 Once identified, apathetic symptoms follow a prolonged and mostly definitive course throughout cognitive decline, 4 leading to a sharp increase in apathy prevalence and severity as dementia reaches its moderate to advanced stages. 3 There is fairly good agreement in the literature that apathy should be considered an independent syndrome in dementia, with specific clinical implications and probable worse outcomes. 5, 6 Another emerging consensus is that apathy can be recognized in a significant proportion of mild cognitive impairment (MCI) subjects, especially those regarded as amnestic. 7, 8 Longitudinal studies have suggested a substantially increased risk of dementia conversion in these MCI apathetic subjects. 9 Unfortunately, scant therapeutic options are available to improve this devastating disorder, a fact which, at least partially, can be ascribed to a poor understanding of the neurobiological underpinnings of apathy.
Marin 10 defined apathy as "lack of motivation, relative to the patient's previous level of functioning or the standards of his or her age and culture, not attributable to intellectual impairment, emotional distress or diminished level of consciousness". The motivational feature has remained the core diagnostic criteria in a consensus proposition to identify apathy in Alzheimer disease (AD) and other neuropsychiatric disorders. 3 Lack of motivation is also the core feature of sickness behavior. This is a coordinated set of behavioral adaptations that also includes a neurovegetative dimension (fatigue, loss of appetite and sleep disorders), and a psychological dimension (depressed mood, anxiety and cognitive dysfunction), that are supposed to reorganize the organism's priorities to cope with infectious pathogens.
11 TNF-α, a proinflammatory cytokine, plays a pivotal role in triggering sickness behavior. 12 The levels of this cytokine have also been shown to be increased in a sample of MCI and AD patients. 13 Since inflammatory mechanisms play a putative role in the pathophysiology of several types of neurodegeneration, 14 and apathy is a pervasive feature in dementia, it is reasonable to investigate whether these two phenomena are associated.
The primary aim with this study was to investigate whether blood TNF-α, and its soluble receptors, are associated with apathy symptoms. Soluble forms of TNF-α receptors represent reliable markers of this cytokine activity, binding to and protecting TNF-α from proteolytic degradation, therefore, extending its effects systemically. 15 We also investigated the possible association between BDNF and apathy, since there has been a previous report of reduced levels of this neurotrophic factor in subjects with late-life depression, 16 a condition that shares abulic features with apathy. To accomplish this objective we evaluated only subjects with cognitive impairment in its very early stages, namely mild AD and amnestic MCI (aMCI), since inflammatory status has been related to frailty, 17, 1 , an almost inexorable outcome in moderate and advanced stages of late-onset dementia. meThoDS participants and procedures. This study was a retrospective analysis of the available clinical and laboratory data for a small subset of participants from the Pietà Study, a community-based survey of successful aging, carried out in Caeté, Southeast Brazil, in the summer of 2008. Detailed methodology has been described previously. 19 Briefly, the study invited all of the city's inhabitants aged 75 years or older to participate, and those who agreed gave written informed consent. The study was approved by the University's research ethics committee. A total of 639 subjects were submitted to a thorough functional, clinical, psychiatric and neurological evaluation, including the Functional Activities Questionnaire (FAQ), the motor section of the Unified Parkinson's disease rating scale (UPDRSm), the M.I.N.I. structured psychiatric interview, Geriatric Depression Scale (GDS), and a Brief Cognitive Screening Battery (BCSB), consisting of the Mini-Mental State Examination (MMSE), animal category semantic fluency test, and picture drawings memory test (PDMT). Individuals suspected of having cognitive impairment, together with a subset of putative cognitively healthy control subjects, were further submitted to a comprehensive neuropsychological evaluation with the following instruments: Rey Auditory Verbal Learning Test, naming and praxis tests from the CERAD (Consortium To Establish A Registry For Alzheimer's Disease) protocol, phonemic verbal fluency tasks (FAS), Frontal Assessment Battery, and the Dementia Rating Scale. A subset of 358 subjects provided blood samples for routine and inflammatory biomarker analyses.
Among the participants submitted to the above evaluation, two groups of subjects were identified and invited for further clinical assessment pertaining to apathy and behavioral evaluation. The first group of participants consisted of 28 subjects fulfilling NINCDS-ADRDA diagnostic criteria for probable Alzheimer disease 20 in the mild stage of dementia. AD staging was accomplished through the Functional Assessment Staging Guimarães HC, et al.
in Alzheimer Disease (FAST). 21 Only those categorized as FAST 4 or below were included. None of the AD subject were taking cholinesterase inhibitors at the time of evaluations. Vascular dementia was ruled out according to NINDS-AIREN criteria. 22 The second group consisted of 26 subjects with aMCI, diagnosed according to Petersen's criteria. 23 Amnestic impairment was established by comparing performances on the Rey Auditory Verbal Learning Test (RAVLT) by cognitively healthy subjects from the same population. Subjects with a major depressive episode, diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders fourth edition, were excluded. 24 Of the 52 subjects with either mild AD or amnestic MCI who were submitted to apathy and behavioral evaluation, 27 underwent blood analysis, giving the final study sample reported.
Apathy and behavioral assessment. Since there were no published consensual diagnostic criteria for apathy at the time of data collection, this disorder was evaluated dimensionally through the Apathy Scale (AS), 25 which was administered to caregivers or to a very close member of the household. The AS has 14 questions with a score ranging from zero to 42 points, where higher scores represent more severe apathetic symptoms. Despite a lack of consensus regarding this issue, 3 previous studies have suggested a cut-off of 14 points in order to identify clinically relevant apathy. 25, 26 Subjects were also submitted to the Neuropsychiatric Inventory (NPI). 27 laboratory assessment. Blood was drawn during fasting and in the early morning for all the participants. Serum levels of BDNF, TNF-α, sTNF-R1, and sTNF-R2 were 
reSulTS
The target sample consisted of 27 subjects (15 women, 12 men), with a mean age of 81.5±4.6 years, and 3.2±2.7 mean years of formal education. According to cognitive status, 14 subjects presented mild AD and 13 had aMCI. The median score on the AS was 17 points, providing two groups with different intensity of apathy symptoms. Table 1 displays the comparison between the groups, regarding demographics, anthropometrics, cognitive status; cognitive, motor, functional and behavioral measures, and, lastly, BDNF and inflammatory biomarker levels. As expected, apathy measures differed between the groups. The higher apathy symptoms group had higher levels of both types of TNF-α soluble receptors (sTNF-R1: p=0.03; sTNF-R2: p=0.04). These results are illustrated in Figure 1 . Soluble TNF-α receptors levels also correlated with AS scores (sTNF-R1: rho=0.49; p=0.01; sTNF-R2: rho=0.40; p=0.037), considering the whole sample. BDNF and TNF-α levels did not differ significantly between groups. No other variables reached statistical significance, except for age and NPItotal scores which displayed a tendency towards significance. Nevertheless, NPI-total scores did not correlate with levels of any of the TNF-α soluble receptor types (sTNF-R1: rho=0.05, p=0.82; sTNF-R2: rho=0.22, p=0.29). Additionally, although there was a marked difference between groups regarding proportions of gender and AD subjects, levels of TNF-α soluble receptors were not different in pairwise comparison (Mann-Whit- ney test), either between genders (sTNF-R1: p=0.09; sTNF-R2: p=0.3) or between different cognitive status groups (sTNF-R1: p=0.7; sTNF-R2: p=0.29), suggesting that these variables were not driving the results.
DiScuSSioN
In this retrospective investigation of a small subset of subjects from the Pietà study involving participants who had provided a blood sample for inflammatory biomarker analysis and were also submitted to apathy evaluation, we found elevated levels of both soluble TNF-α receptors in subjects with greater apathy symptoms. The negative results found for TNF-α levels are unsurprising. This cytokine has a very short half-life and remains below the assay threshold in a significant proportion of subjects. As stated earlier, soluble receptors constitute more reliable markers of blood TNF-α signaling. To the best of our knowledge, this is the first study that has used a specific apathy scale to investigate association of the condition with TNF-α and its soluble receptors. A previous report found an association between GDS items, assumed to mirror apathy, and higher TNF-α levels in male patients with AD. 28 The findings herein reported are in accordance with the sickness behavior motivational impairment theory, and might constitute a reasonable explanation for apathy ubiquity and its worsening in progressive neurodegenerative disorders. Surprisingly, very few studies have explored this association. A previous report found no relationship between a GDS surrogate apathy measure and C-reactive protein (CRP) levels. 29 However, this acute phase reaction protein may not be the most suitable inflammatory biomarker to investigate this issue, since apathy and cognitive impairment are supposed to result from a chronic phenomenon. In line with the theoretical framework underlying this report, Ferretti et al reported, for a cohort of schizophrenic patients, a significant improvement in negative symptoms, including apathy, by treating them with minocycline, 30 a drug with putative anti-inflammatory properties. 31 None of the other investigated variables were found to be associated with AS scores. The two groups displayed similar depression scores, and also had similar mean performances on motor, global cognitive and executive function measures. The apparent difference regarding gender and dementia proportions between groups did not reach statistical significance, and these features were not associated with soluble TNF-α receptors. Although there was a clinically significant difference between higher and lower apathy symptoms groups regarding mean performance on the FAQ, corroborating results of a previous report, 32 these findings did not reach statistical significance. It is important to note that BDNF levels were higher in the more apathetic group, in contrast to previous findings from a late-life depression cohort. 16 This finding adds to a large body of evidence regarding clinical and neuroimaging data that dissociates apathy from depression. 2 The small sample size can be considered a serious limitation of our study. Additionally, this is an emerging research field, precluding a robust hypothesis that might explain the neuroimmunology of these findings. Another important point is that the concept of MCI has proven to be, in recent years, a highly heterogeneous condition. 33 Thus, it is reasonable to question the validity of pooling clinically defined AD and MCI groups together. However, as stated previously, inflammatory mechanisms seem to play a fundamental role in several neurodegenerative diseases, independently of their etiology, constituting a pervasive feature of dementia, akin to apathy. Lastly, the findings herein reported are preliminary and should be replicated in larger samples.
